Introduction: Tumour stage is the most important prognostic factor in non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). The aim of this study was to evaluate if female gender was a prognostic factor in different tumour stages in relation to histology and given therapy. Methods: From 1989-2008, 1497 patients in eastern Scania, in southern Sweden with 202,000 inhabitants, were referred and prospectively registered. Tumour stage, performance status, lung cancer type and primary therapy were registered. Results: In NSCLC, female patients in stages 1 and 2 who were treated with surgery had a better 5-year survival rate (79.4%), compared to males (60.6%; p = 0.0004). Female patients in stage 3 with active therapy (surgery and/or radiotherapy and/or chemotherapy) had a better 5-year survival than males (20.6% vs. 10.5%, respectively, p = 0.0006). Female patients with adenocarcinoma were favourable in stages 1-3. In stage 4, there was no survival difference between females and males. In SCLC, females with limited disease (LD) and active therapy (chemotherapy ± radiotherapy ± surgery) had a higher 5-year survival rate (28%) than males (5.6%); p = 0.001. Females with extensive disease (ED) and active therapy (chemotherapy ± radiotherapy) had a better 5-year survival (3.9%) compared to males (0.7%); p = 0.023. In multivariate analyses, patient performance status at diagnosis was also an independent prognostic factor in all tumour stages of lung cancer. Conclusions: This population-based study corroborates a female survival advantage in NSCLC stages 1-3, but not in metastatic stage 4, and this is also demonstrated for the adenocarcinoma subgroup. The study also confirms better prognosis in females with SCLC in both LD and ED. The study also demonstrates the importance of patient performance status as a prognostic factor in all stages of lung cancer.
Background
Lung cancer patients have a low 5-year survival rate of about 10% -15% in many Western countries. The most important clinical factors for survival are low tumour stage and surgical resection [1] .
Good patient performance status has also emerged as an important clinical factor [2] .
Other factors, such as the histological SCLC subtype, are linked to a worse prognosis with early dissemination, but on the other hand, are associated with greater chemo-sensitivity than NSCLC [3] .
Older age and former and current smoking history have also been associated with worse prognosis [4] . Patient gender, with a better prognosis seen in females, has been recognized as a significant factor in SCLC [5] since the 1980s, and since the 1990s in NSCLC patients [6] .
In SCLC, female patients with limited disease (LD) have generally had a better prognosis than males [7] . In NSCLC, females have generally had better survival, especially in patients in early tumour stages and those who have undergone surgical resection [6] .
In our recent population based study [8] , the prognosis in female patients with lung cancer was favourable compared to males both in NSCLC and SCLC.
The aim of the present study was to analyse gender differences in survival in different tumour stages with regard to lung cancer types and primary treatment combinations in a prospectively sampled population study over two decades (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) ).
Materials and Methods
The materials and methods used here have been described in detail in a study by Svensson et al. [8] . The eastern part of Scania in southern Sweden contains one Central Hospital and two local hospitals for a population of approximately 202,000 residents. The total population numbers for the time period included in this study were obtained from Statistics Sweden [9] .
The coverage of the total referral area was 85.9% (1497/1743), while for the major part of the area, 91.7% (1370/1494) was covered. In a smaller part of the area (consisting of the Simrishamn and Tomelilla communities), the coverage was only 51% (127/249) because some patients were sent directly to the Lund University Hospital and other patients were treated at the local hospital.
This research project was approved by the Lund University Ethic Committee (reg.nr. 2009/225), Sweden.
The Local Registry and Patient Characteristics
A local registry of lung cancer patients was consecutively established for all patients diagnosed at or referred to the Pulmonary Section, Department of Medicine, Central Hospital, Kristianstad between the years 1989-2008. One of the authors (GS) was responsible for patient registration and was involved in the diagnosis and/or treatment of most of the patients, thus ensuring the consistency of the data collection. The local registry was a clinical based quality registry and patients were informed and could refrain to participate. All patients were Caucasians. The local registry lists the type of lung cancer, e.g., squamous cell carcinoma, small cell carcinoma, adenocarcinoma, large cell carcinoma, adenosquamous cancer, carcinoid tumour, adenoid cystic carcinoma, other lung cancer and clinical lung cancer, according to the World Health Organization classification (WHO 1981) [10] . The date of diagnosis was set as the date when data from the pathological classification were available.
The tumour-node-metastases classification and staging (1-4) for NSCLC were established according to the international staging system for lung cancer (1986) [11] . A revision of the staging system was introduced in 1997 [1] , when T3N0 tumours were reclassified from 3A to 2B. For primary surgery patients with NSCLC, the pathological stage was used, while in others, the clinical stage was applied. In SCLC, the Veterans Administra-tion staging system [12] of limited disease (LD) and extensive disease (ED) was used.
The patient performance status at diagnosis was recorded according to the Eastern Cooperative Oncology Groups (ECOG) 0-4 [13] . The performance status group was recorded in the registration form, and the description of patient activity and symptoms were recorded in the hospital medical record.
The data of patients not referred to Central Hospital with lung cancer in our study were obtained from the Regional Tumour Registry in Lund. Only the lung cancer types were available. The time of death for patients not in the registry was acquired from the population registry.
Statistical Analyses
Analyses are based on 1497 patients in the local registry.
The chi-squared test was used for statistical comparisons of different factors (age, lung cancer types) between females and males in the respective tumour stages. The Mann-Whitney two-sided test was used to compare performance status groups between genders in the respective tumour stages. Survival was analysed with KaplanMeier survival curves and life-tables, and differences were assessed by the two-sided log-rank test. For every tumour stage, univariate and multivariate prognostic factors (age, gender, performance status, time period, primary therapy combination and, in NSCLC, lung cancer type) were analysed with Cox proportional hazard regression. A further stratification for ages < 70 and ages ≥ 70 (in every tumour stage), and with age as a continuous variable, were analyzed to control for more comorbidities in ages ≥ 70 and a longer natural survival in females. All patients were followed until 2009-07-01 or until death. Statistica version 10.0 (StatSoft, Tulsa, OK, USA) was used for all statistical analyses.
Results
Patients in the local registry (n = 1497), distribution of stages and lung cancer types are outlined in Figure 1 . NSCLC was seen in 82% and SCLC in 18%. In NSCLC, adenocarcinoma was most frequent 49% and stage 4 in 42%. Because of the small number of patients in stage 2 (6.7%) they were pooled together with stage 1. There were more female patients younger than age 70 in all lung cancer stages, but this age difference was significant (p = 0.016) only in NSCLC stage 1-2 ( Table 1) .
Gender and Clinical Factors
No significant gender difference in performance status distribution was seen in any stage. Squamous cell carcinoma was significantly (p < 0.001) more frequent in males in all stages. In females, adenocarcinoma was more frequent in all tumour stages (p < 0.001).
Female patients had more surgery in NSCLC stages 1-3, but this difference was not significant.
Survival in NSCLC
Female patients in stage 1-2, who were treated with surgery (n = 99), had a better 5-year survival compared to males (n = 119) (79.4% vs. 60.6%, respectively; p = 0.0004). In patients (14 females, 24 males) treated with radiotherapy ± chemotherapy there were no survival differences between males and females. Survival curves in actively treated patients, see Figure 2 . In the subgroup of actively treated patients with adenocarcinoma the 5-year survival rate was 79% compared to 60% in males (p = 0.012). In patients with squamous cell carcinoma the 5-year survival rate was 46% in females and 52% in males, n.s. Female stage 3 patients who were treated with active therapy (surgery and/or radiotherapy and/or chemotherapy (n = 110) had a better 5-year survival compared to males (n = 193) (20.6% vs. 10.5%, respectively; p = 0.006). This female survival advantage was also significant in both adenocarcinoma and squamous cell carcinoma subgroups.
In stage 4 there was no survival difference between female and male patients who underwent active therapy (148 females, 177 males), and this was also the result in the adenocarcinoma and squamous cell carcinoma subgroups. There was no survival difference in patients who received no therapy (74 females, 121 males). 
Survival in SCLC
Patients with LD who were treated with surgery + chemotherapy had a better 5-year survival (35.6%) compared to patients treated with chemoradiation (15.6%) (p = 0.025).
As shown in Figure 3 , female patients with LD and active therapy (chemotherapy ± radiotherapy ± surgery) had a better 5-year survival (n = 47; 28%) than males (n = 57; 5.6%) (p = 0.001).
In patients with ED and active therapy (chemotherapy ± or radiotherapy) females had a better 2-year (n = 50; 13.8%) and 5-year (3.9%) survival compared to males (n = 78; 2.6% and 0.7%, respectively) (p = 0.023).
Multivariate Analyses
Male patients had a worse prognosis than females in all lung cancer stages, except NSCLC stage 4, when adjusted for age, performance status, lung cancer type (in NSCLC) and primary therapy combinations ( Table 2 and Table 3 ). This result was also found in a stratified analysis of patients aged < 70 years (with age as a continuous variable). In patients ≥ 70 years of age, males with NSCLC stages 1-3 had a worse prognosis than females. Male patients ≥ 70 years with SCLC and LD had a non-significant worse prognosis with a Hazard ratio (HR) 2.11 (95% confidence interval (CI) 0.84 -5.29), p = 0.110, as had male patients ≥ 70 years with ED, HR 1.73 (95% CI 0.92 -3.25), p = 0.088.
Patients with a performance status > 1 vs. 0 -1 had a worse prognosis in all lung cancer stages. Patients at least 70 years old had a worse prognosis compared to individuals younger than 70 only in NSCLC Adjusted for time period (see stage 1 + 2), lung cancer type (see stage 1 + 2) and primary therapy (surgery ± radiotherapy ± chemotherapy vs. curative radiotherapy ± chemotherapy, palliative radiotherapy ± chemotherapy, chemotherapy, no therapy). Non-surgical therapy (radiotherapy ± chemotherapy) had an increased HR for death in NSCLC stages 1-3, but this was not significant for curative radiotherapy in stages 1-2.
Lung cancer survival has only improved the last time periods 1999-2008 (compared to 1989-1993) in NSCLC stages 1-2. Table 2 ) and primary therapy (chemotherapy + radiotherapy vs. surgery + chemotherapy, chemotherapy, no therapy).
b Adjusted for time periods (see Table 2 ) and primary therapy (chemotherapy vs. chemotherapy + radiotherapy, radiotherapy, no therapy).
Gender, Age and Survival in 246 Patients Not in Local Registry
Of the 212 NSCLC patients not referred to Central Hospital 35% were females (39% in registry) and median age was 70 years in females (68 years in registry) and 74 years in males (71 years in registry). In the 34 SCLC patients not referred 35% were females (39% in registry) and median age was 66 years in females (65 years in registry) and 68 years in males (70 years in registry). Lung cancer diagnoses were performed at autopsy in 18.3% (45/246) of the patients not referred to our hospital.
In the 212 patients with NSCLC not referred to Central Hospital, Kristianstad, the 5-year survival was 10.8% and 4.3% in females and in males, respectively (p = 0.003). Of the 34 patients with SCLC who were not referred to our clinic, none survived for 5 years.
Discussion

NSCLC
One of the main findings in this study was the increased survival in females with NSCLC in stages 1-3, but not in stage 4. DeCamp Jr. reported that in completely resected stage 1 patients, males had a worse prognosis than females [6] . This finding was confirmed by Ferguson et al. [14] . Female patients who underwent surgery for NSCLC had better survival rates than males in studies by de Perrot et al. [15] . They also reported better female survival in the adenocarcinoma subgroup corresponding to our study. Alexio et al. found female survival advantage in resected patients with adenocarcinoma and squamous cell carcinoma, but the female survival advantage was significantly better only in stage 1 [16] . Batevik et al. reported better survival in operated female patients but did not report any effect of histology [17] . Cerfolio et al. reported that the 5-year survival rate of women with pathological stages 1-3 was better than in men [18] . In our study, resected female patients in stages 1-3 had significantly better survival than males.
McGovern et al. reported a worse prognosis for male compared to female stages 1-3 patients who were treated with radiotherapy [19] , which is consistent with our finding of better female survival in stage 3 patients treated with radiotherapy.
Wheatley-Price et al. reported longer overall survival in females compared to males who were treated in five pooled chemotherapy trials [20] . In subgroup analysis the female survival advantage was significant only in adenocarcinoma patients. In our patients with stage 4 there were no survival difference between females and males, nor in the subgroup of adenocarcinoma.
The reason for the better survival in females with early stages of NSCLC could be a higher frequency of more highly differentiated adenocarcinomas with low proliferation indexes as reported by Sterlacci et al. [21] . Female patients with squamous cell carcinoma had better survival than males only in stage 3. This could be due to the heterogeneous stage 3, but a non-significantly higher surgery rate in females (31%) compared to males (24%) can influence. A somewhat higher frequency of carcinoids in females could contribute to the better survival in females in our study, but this factor was adjusted for in the multivariate analyses. More male patients could have been former or current smokers, which could contribute to more comorbidities in male patients.
Patient performance status was an important prognostic factor in all stages of NSCLC, which is concordant with studies by Sculier et al. [22] and Kawaguchi et al. [23] .
Age ≥ 70 years was a negative prognostic factor only in NSCLC stages 1-2 patients, which is in line with a study by Pagano et al., who reported age ≥ 75 in early stages as a negative prognostic factor [24] .
We found that patients with stage 4 and aged ≥ 70 years had a better prognosis than patients aged < 70 years. This has been previously reported by Albain et al. [25] . In later studies, there were no differences in outcome in patients younger than age < 70 compared to those who were at least 70 years old [26] .
SCLC
Another main finding in this study was the increased survival in females with SCLC both in cases of LD and ED. In the literature, these results have not been consistent. In 1988, Johnson et al. reported an improved 2.5-year survival in females with SCLC compared to males in North America [5] . Trials in Cancer and Leukaemia Group B reported improved survival in females in cases of both LD as well as ED [27] . Albain et al. found that female gender was a good prognostic factor only in patients with LD in the Southwest Oncology Group trials [7] . In Europe, Wolf et al. reported the increased survival of females with LD and ED only in ages < 60 years [28] . In a population-based study in France, Mennecier et al. reported no survival difference between genders [29] . Jansen-Heijnen et al. of the Netherlands reported the increased survival of females, but only in LD cases [30] . In trials from the UK, Wheatley-Price et al. reported the decreased HR for female patients with LD [31] .
Our findings of better survival in female patients with both LD and ED have, to our knowledge, not been previously reported in a European population study. However, in a recent and very large (42,000 males, 38,000 females) United States national cancer database study from 1992-2007, Gaspar et al. reported the increased HR for death in males as compared to females in both LD (HR 1.19) and ED (HR 1.13) patients [32] . In that report, initial staging was conducted according to the TNM system, in which patients with malignant pleural fluid (stage 3 b) were included in the limited disease group. The study by Gaspar et al. reported the increased HR for death in patients aged ≥ 70 years in both LD and ED patients. In our study, there was no such age difference, but rather decreased HR for death in patients with ED and age ≥ 70 years. One reason could be that our study also included performance status, and the increased HR for age ≥ 70 years in the univariate analyses changed when adjusted for performance status. Our study also demonstrated that a performance status > 1 in both the LD and ED patients is a strong prognostic factor and should be considered with greater emphasis than the factor of age ≥ 70.
Patients with LD who were treated with surgery + chemotherapy had significantly better survival than patients treated with chemoradiation. This finding is in agreement with the findings of the Gaspar database study. How-ever, in our study the reduced HR 0.48 (95% CI 0.20 -1.13) compared to chemoradiation was not significant due to the few patients who underwent surgery.
The reasons for the better prognosis in female patients with SCLC are still unknown. Increased toxicity as well as a better response to chemotherapy in females [33] have been suggested to be associated with reduced drug clearance due to lower levels of p-glycoprotein in females [34] .
The female survival advantage in lung cancer can also be related to a general better female survival in most cancer sites as reported in Eurocare-4 [35] .
Thyroid Transcription Factor-1 (TTF-1) is expressed in adenocarcinoma and is correlated with better prognosis. It is more frequently expressed in females than in males [36] . A Chinese study reports expression of TTF-1 in SCLC and they also found better prognosis with TTF-1 expression [37] .
Limitations and Strengths
The present study includes patients who were diagnosed and treated in the hospital according to contemporary guidelines. Treatment recommendations have also changed over the 20-year study period.
The diagnosis date was set at the pathologic reply date because of a rather long reply delay during the early 1990s.
Of all of the lung cancer patients in eastern Scania, 14% were not referred to our hospital; Of these, 18.3% were diagnosed by autopsy findings. The remaining patients were possibly clinically advanced with poor general health and were, therefore, not referred. This possibility is supported by the rather short survival rate of patients not in the registry.
Our local registry did not contain a pathological staging system, and only patients primarily undergoing surgery were assigned a pathology stage. In the remaining patients, the stages were based on clinical findings.
Most of the patients with lung cancer in the 1980s were smokers or former smokers, so for this reason we omitted this information from the registry.
The pathology reports have not been reviewed, and variations over time between different pathologists with varied histochemical techniques cannot be ruled out as influential factors in this study.
Eastern Scania is a well-defined area that has exhibited a rather small variation in population structure over the 20 years this study covers.
The extended time period of two decades with only one person involved in the diagnosis and/or treatment of almost all patients, as well as performing all registrations in exactly the same way, minimized the risk of judgement discrepancies.
Conclusion
The present population based study strengthens earlier reports of a female survival advantage in NSCLC stages 1-3, but not in metastatic stage 4, and this is also demonstrated for the adenocarcinoma subgroup. The study also confirms the better prognosis in females with SCLC, especially in patients with LD, but also significantly in patients with ED. The study also demonstrates the importance of patient performance status as an independent prognostic factor in all tumour stages. Age ≥ 70 years was only a negative prognostic factor in early stages of NSCLC.
